MODEL COMPARISON AND VERI FICATION FOR
SCINTI1LLATION, FADE D[JRATION, AND CLOUD EFFECTS

BRADLEY E.JAEGER, 1) ONAII) 1. HOPKINS, D AEHONG KIM, AND CHARI.EST. MAYER

I Scintillations

Scintillation) modelpredictions were comparedto fear years of the Fairbanks ACTS data
at20.2 and 27.5 Gllz.Modclsusedinthe comparison arcKarasawaet al.[1],1TU-R [2],
Ortgies-N[3], Ortgics-"T [3], DPSP (Direet Physical Statistical Prediction) [3],MPSP (Modeled
Physical Statistical Prediction) [3], and Tervonenet al. [4]. Dependencies of these seven models
arcshownin ‘1’able 1. The monthly average for scintillation standard deviation, along with all the
model predictions using the local meteorological parameierinput, is plotted inFigs.1and 2 for

20.2 and 27.5 Gllzvespectively.

TABLE 1. SCINTILLATIONMODEIL, COMPARISON

Scintillation | Year | freq sin (| Par I (m) IData souree Regression Moadel Fade/

Model dep. dep. Restrictions | Enhan,

Karasawa, 1988 [ (.45 C13 N, 2000 Yamaguchi, mvs, Ny 7-14 (ill/ Regres.

Yamada, Japan (1 1.45 4 (- 30" Ivs.

Allnutt @ill7. 4,0.5,97 variance

Inu-R 1990 | 0.583 -1.2 N, 1 000 6-20 (il | Regres.

(712) 4 o 307

Ortlgics-N 1993 | 0,005 -1.2 N, 1000 Darmstadt, In(c,”) vs. 65 o [ Gauss.
Ger. (Oly) Ny 30” (sym.)

Ortgics-1 1993 | 0.605 | -1.2 1 1000 -Darmstadt, MEeTHvs 1 [ 65 0 T Ganss.
Ger.(Oly) 30° (sym.)

DPSP- 1997 | 0.583 -1,2 il 205X -1 Louvain-la- Ver. Relrac. 1--5¢C [ Gauss.

Direct 9451 Neuve, Bel. gradient (sym.)

Physical (12.5.29.7) and | (radiosonde)

Statistical Milan, Ttaly to give

Prediction (19.8) In(o)vs. 1

MPSI - 1997 | 0583 | -917 |1 2058 -1 Louvain-la- Ver Refrac. |1 +-5C T Gauss.,

Modeled 9451 Neuve, Bel. gradicat {sym.)

Physical (12.5, 29.7yand | (radiosondce)

Statistical Milan, Italy to give

Prediction (19.8) In(e,)vs. 1

1ery onen, 1998 | 0.45 -1.3 N.. 2000 Kickkonummi, | o, vs. N & |

van de P(C Finland (19.X. P(Cu)

Kamp, 29.7)

Salonen
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Fig. 1.4 Year Comparison of Monthly Average 20 Gllz RMS Deviation With Model Predictions
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I'ig. 2. 4 Year Comparison of Monthly Ave rage 27 Glz RMS Deviation With Model Predictions

1. Muatricciani Fade Model

‘1’able 2 indicates the place of the Matricciani lade model among other modcls of fade
durations. The data used inthe development of each model arc listed along with the basic
modeling technique. The Matricciani model is not an engineering model since it requires the user
to have a rain rate time series but it may provide better prediction accuracy than other models. It
is mostly a mathematical constructionwith only storm translation speed, v,obtaincd fromradar
measurements innorthern Italy. Comparedto other fade duration Ihodelsitalso has the
advantage of being able to predict fade times. At present, the only othermodeltodo this is tile
Paraboni and Riva model.
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TABLE 2. FADED URATION MODEL COMPARISON

Model Data [kits Model Engineerit Accou Prec
Frequenc | ocation ‘Lype Model for sho Fadi
fades Tim
Matricciani Po River Simulation with No No = Yes
|01, [71 Valley Synthetic Storm
Technique
Paraboni& | 11.6 Gllz Fucino, J .og-normall.ong | Yes Yes Yes
Riva[10] Geral.ario, | Durations
I'Tu Spino
Database d’Adda Power-Law Short
_ Durations
ACTS Rait | NA NA 1 .og-normal Yes Yes No
Prediction Attenuation (Rain)
Model
[11], [12] Spatial

Correlation of
Rain Cells

Probability of
Rainon the Path

2-dimensional
Markov Process.

Maseng & NA NA l.og-normal No Yes No
Bakken Atlenuation, (Rain)
[13]

I -dimensional
Markov Process

to satdlite

/ o

layer B melti ng tayer

HA

layg A: ran

Xot AX Xp
Fig. 3 Matricciani Rain Cell

Fig. 3shows the precipitation pattern used inthe Matriccianifade model. The cell is
rectangular withalayer of rainat20° C and a melting layer at 0° ¢. The variationin attenuation
withtime is simulated by the convolution of afunction of rectangular shape with specific
attenu atjon from a rainrate time series. In the Matrice jani model, this convolution is done using
a productinthe frequency domain.
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The sinc functions result from the rectangular cell and the exponential is a shift due to the
difference in path lengths, Ax. ‘I’here is anextraterm r“" to account for the extra attenuation due
to the melting layer. The simulated attenuationtime series is then the inversel- ourter transform
of (1). Fade durations greater than 60 scconds were then calculated from this attenuation time
series. Statistics wererecordedfor the number of fades andthe fade time. Since the Matricciani
model attempts to account for fades fromrainonly, the statistics from the modelwere compared
to statistics frommecasured ACA. Errors were measured for percentage of fade time and
percentage Of fades. The crror at a given percentage and attenuation threshold was taken as

rp, .
&= ln( ACA J
D

Aatricciani
Table 3 gives a summary of these errors for four years of Fairbanks data

TABLE 3. MATRICCIANIMODEL ERRORS (D ECEMBER, 1993 -NOVEMBER, 1997)
Number of Fades Fade Time
[1dBACA 3 dB ACA 5 dB ACA 7 dB ACA [1dB ACA 3 dB ACA 5 dB ACA 7 dB ACA |
26:GHz avg | 1D.(22558 -0.01084 0019154 0.033059 0.014517 0.022338 0.028899 0.027749
201GHz rms  ( 0.071022 © 0055106 0.087449 0088875 0.062319 007034 0082712 0.072792
2H:GHz avg | (0.087327 °  0.047002 0031158 0.0655 0.014491 0.022303 0.022052 0.049574
M%'GHH rms ( 10.343646 | 0.09891 0.075965 0.14493 0.12134 0.072475 0.077938 0.126067

The positive signs in front of errorsintable 3 indicate thatin all but one case the
Matriccianni modelunderpredicts troth the number Of fades and the fade time. Fig. 4 and 5 show
graphically how wellthe Matricctannimodel predicts number oi'fades and fade time at 27.505
Gllz for a representative year inFairbanks, December 1996-November 1997.
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Iig. 6 shows attenuation cumulative distribution function for the Matriccianni mode!
comparedtoan ACA cdfat 27.505 Gllz for a representative month at Fairbanks. The two dashed
carves arc modelcurves. Thereis oncfor Optical gauge rainrate, ORR,and one for capacitive
pauge rainrate, CRR. The ACA curves fall above tile model curve for low attenuations. It may
be thatif the Matriccianimodel had a developmentaccounting for antenna wetting this
discrepancy would be resolved.

100
10 !
S :
" 1 By
£ "t
IS LA e 27CRR
- R
°© 208 N 3
3 e e . ¥ 270RR
g LI . 27 ACA
3 "~ *
g ot *
E =
|
001 |
0001

-1012345678 910111213141 1161718 19202122232425262728 2930
Attenuation (dB}

Fig. 6 - (June, 1997) 27.505 Gillz ACA Comparedto the Matricciani Model.
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HI A CTS Data Correlated to Gasceous, Rain, and Cloud A ttenuation Models

This section explores correlation of received ACTS beacon values to atmospheric
attenuation by adapting National Climatological Data Center (NCDC) data usedin clear sky
(gascous), rain, and cloud attenuation models. Attenuationduc to clear sky and rainutilize 1TU-
R semi-empirical attenuation modecls, however cloud attenuationis more difficult to model clue to
highly variable cloudstructures. Priorto July 1996, NCDC cloud cover data is recordedintenths
of total cover, with 10/1 0= total cover. After June 96 NCDC recorded cloud data format
changed, listingonly five cloud coverincrements: O (SKCor CLR).1/8- 1/4 (FEW),3/8-1/2
(SCT), 5/8-7/8 (BKN), and 8/8 (OV C), and up to four distinct cloud ceilings. Cloud attenuation
models arc investigated, butrequirc knowledge 01'the density of water (g/m’)along the
propagation path, which is generally not known. A SkyCam (modified digital camera) is used to
help correlate viewed cloud conditions to NCDC published values. This section will show how
recorded ACTS propagation data compares to the sumof attenuation from the three propagation
models.

A. ACTS Data Collection Procedure

The first step in the analysisis 1o collect ACTS data in a from, which willallow
comparisons over along period. ‘1’0 accomplish this, a special program (1 hilcxt3.exe) was
developed by Dave Westenhaver of Westenhaver Wizard Works to take preprocessed ACTS data
and extract only the first minute Of data (60 samples) from cach hour selected. After this data is
extracted, the next step is to limit the range Of datato valucs greater thana threshold of- 19 dB3.
This threshold is chosen since any values lower than this arc considered below the noisc floor of
the equipment. Afler these erroncous valucs are eliminated, the remaining valucs for the minute
arc manipulated, where the average, maximum, and minimum values are saved for use in
attenuation and scintillation studics. I'inally the values (one per hour from hh:00:00 to hh:00:59)
are collected and placedinto a set of yearly ACTS averaged data for usc inEXCEL. Aveeraging,
saving maximum/minimum values, and compiling the data is done viaan :XCL1, macro
specially developedfor this purpose. Fig. 7 shows pictorially the datacollectionprocess and a
sample of the collected data.

Spucially Run F'inished
yymmddak pu? - Dy eloped o - '
Processed Data File o :m 1 NCH ] Veus
= Macio Duata
Donest3 exe
EXCEL Macio Functions
Dy it Values to =19 dB o Gireate
2y Average Fust Minute of Hlowr 20& 27 Gz Beacons
3) Sove MinmameMasimuny Beazon Valaes o Tach Munate
4y Collect Tt for One Day (24 Sauples)
5) Send Resulting Data to Yearly Data Spreadshectis)
6) Repeat Process for Fotite Month
7) Piocess Next Month
L. e o
20 27 20 2¢ 27 27
Beacaon Beacon Beacon Beacon Beacon Beacon 20 27
Average | Average Min Max Min Max Scintillation | Scintlation
1/1/97 0 00 05 07 -023 -081 -0 42 -074 028 032
1/1/97 1:00 05 -0 66 041 077 -063 -095 036 032
1/1/97 2 00 -067 -0 98 -034 -069 -055 -0 98 035 043
1/1/97 300 -035 -049 -029 061 -0 47 -0 87 032 04
1/1/97 4.00 -025 -0 42 -0 08 -0.48 -028 -0 69 04 a1 |
111197 500 -038 0563 -025 -087 -0 49 074 032 025
1/1/97 600 05 -068 -035 -069 -058 -0 82 034 024
1/1/97 7.00 -0 53 -076 -032 059 048 -0 81 027 031
1/1/97 8 00 -0 56 073 -023 -065 056 -093 042 037
1/1/97 900 -0 46 -062 -044 -082 -053 -0 99 038 045
1/1/97 10 00 -0 31 -045 -023 -067 -0 31 -0 81 044 05
1/1/97 11:00 -0 51 -057 -012 -0 56 -0 26 071 044 045
11197 12 00 -012 -0 53 -0 12 071 -047 -1.03 059 056

Fig 7 - Conversion of Processed ACTS Beacon Data to EXCH:L Data
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B. Compiling NCDC Weather Data Used In ‘1 he Analysis

Once the data is collected, thenextstep is to compile a set Of weather data for the
Fairbanks area. Required weather data used inthe attenuationmodelsincludes: temperature (°C),
relative humidity o, rainrate (imm/hr), cloud cover (10™), and cloud ceiling (m). NCDC
weather data is published monthly (withabout a one-month delay) andis available to users from
any local National Weather Service office inprintformandis also available ona e basis via the
Internct. Onc exceptionto the fcc based data requires aneducational (.edu) address on the
requester’sinternet server. Of course other sources of local weather data exist. For this analysis
muchof the data is collected froma CD published by NOAA and available at the UAL’s
Rasmussen library. A variety of weather data is available inhourly readings/summarics
(including many Of the required types) for yearsupto1995. Datais recorded using local standard
time and correlationto ACTS data requites an appropriate time shift. T'he only weather
parameter required for the attenuation models notincluded is rain rate, however the total
accumulationis included for the preceding hourinthe data. In this analysis rainrate is cstimated
as (total accumulation for the hour)/(one-hour), giving an estimated rain rate for cach sample
period.

(. Modeling of Gascous Attenuation

The first clement of the analysis is tomodcelthe gascous attenuation for the ACTS to
Fairbanks slant path. The gascous (clear-sky) attenuationmodelis by the CCIR (11 990) inReport
719] 1 4], which is a semi-cmpirica! modclused to cstimate the amount Of gascous attenuation.
Thismodcltakes into account atmospheric gases attenuating effects duc to oxygen and water
vapor (not including water vapor in cloud structures). This commonly referenced attenuation
modclutilizessignaland weather data including:

{ Frequency (Gl 12) p Waler Vapor Dcnsity (g,/m‘ﬂ')
‘1 ="Temperature (°C) RI [ Relative | [lll]li(“[)’ (%)
O Elevatijon angle ([) Rain ycs/no (relates to scale height of p)

Calculations used inthe gascous attenuation analysis arcincludedin Appendix B. once
the atlcnuation valucs arc calculated, they are placed into a spreadsheet and correlated to the
averaged ACTS beacon values. Fig. 8 showsthe results of the comparison. Note the scasonal
trends show nicely onthe plots,but deep fades arenottracked since they arc ductorain
attenuation, studied next. Also note the correlation cocflicients shownin the plots where the 20
GHz (89. 1 %) is better correlated thanthe 27 GHz.(76.7%). This difference is mainly ducto the
higher variability of the 27 GHz signal.

ACTS 20 Gz Beacon Aveiaye vs Gaseous Attenaation ACES 27 GHZ Beacon Averave vs Gaseous Attenuation
27 Giasenus Aln (d13)
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Fig 8 - Gascous Attenuation vs. Averaged ACTS Beacon Values
D. Modeling of Rain Attenuation
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Rainis the most severe attenuating factors inradiowave propagation. especial ly at higher
frequencics. Eventhough this is the case, accurate measurement of rain rate (usually measured in
mm/hr) during arain event arcnot easily obtained. Lirrors exist from many sources including
spatial diversity where the rain is falling inthe propagation path, butnot at the mcasurement site.
Fig.9[ 1 5] shows sources of crror for horizontal(l.;p)and vertical (1.y). Inaddition most
conductiveraincells have widely varying amounts of rain rates throughout the cell and the rain
gauge is usually at one position.In this instance therearce errorsinduced, since NCDC data is
used as the source of rain talc data and the Fairbanks weather station is approximately 3 km from
the ACTS terminal.

©
sateiite

ran cloud

Fig 9 Spatial Errors in Measuring Path Rainfall Rate

Now givenarain rate (approximated as total rain for the hour per hour) the only missing
variable in the cquationis the effective pathlength.Yor this approximation another picce of
information is necessary, rain clevation within the cloud layer. Initially it was hoped that NCDC
cloudceiling represented the bottomof the rain, however published values did not seem torelate
to the heights of rain-bearing clouds. Also values for cloud ceiling arcnot consistently available,
solTUrecommendation RPN.G | 8-4, 1 996 gives a methodto estimate the effective slant path
length of the rain layer below the freezing height. Calculations required to estimate rain
attenuation arc shownin Appendix C,where only knowledge of station latitude is requiredto
cstimate the effective rain path [ 1 6].

One approximation made is there will be no rain, although there may be snow, for ground
temperatures less than | ‘C. l.iquidwaterinthe form Of rainis a strong attenuator Of radio
waves at ACTTS frequencies, whereas snow mainly attributes to depolarization, which is not easily
extracted from the ACTS data. NCDC data shows equivalent precipitation and does not
differentiate this rain fromsnow. [.uckily the transition Of rainto snow occurs over a short period
of the year in Fairbanks and should not skew the approximation significantly. Alsoto help
account for the estimated rain rate experienced during the sampled period a valuc of 1.3 times the
hourly rain accumulation from the NCDC data adjusts the hourly rate to a empirically defined
rate (mm/hr) for the sample period. This 1.3 factor is determined fromlooking at the differences
between the modeled gaseous - rain attenvation values, where the correlation Of the two data sets
is minimized for attenuation greater than3dB. Withoutmore accurate radiosonde m real time
rainratc data available, this approximation will certainly include errors, but the goalis to
determinc if NCDC data is usable to estimate rain attenuation with any degree ol accuracy. Fig.
I O shows the results Of the comparison, including modeled gascous and rain attenuation.
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Fig 10 - Gascous 1 Rain Attenuation vs. Averaged ACTS Beacon Values

Itis interesting tonotecinkig. 1 O the deep fades, althoughnot exactly correlatedtothe
ACTS data, provide a better estimate of the actualperformance of the satellite link based onthe
twomodels. Onesurprising result is the correlation of the two data sets did notimprove with the
added attenuating factor; in fact the correlation is slightly worse, 20 GHz from 89.1 o0 10 88.90/0
and 27 Gllz{rom 76.7°/0 to 76. 10/0. Thisis probably due toanassumed “mismatch” of the
estimated rain data and the ACTS beacondata. Ananalysisof the differences between the
modeled attenuation and the actual ACTS data is performed using an absolute difference between
thetwo values and calculating the differencesin percent Of “total. This comparisonis shownin
Fig. 11. Notea difference of only 2dB excludes all but 0.78% at 20 Gllzand all butl.81%at 27
Gllz.
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Fig 11 - Compare Gascous -t Rain Attenuation vs. Averaged ACTS Beacon Values

The overall trendsinlig. 10 show a slight discrepancy between the ACTS beacon values
and the gascous frainattenuationmodels (like a de Off-set) for the summermonths, thusin the
nextsection a cloud attenuation model is definedto help counteract this.



1. Modeling of Cloud Attenuation

The attenuating effects of clouds on a satellite link may nothave as dramatic ¢ffect as the
gascous or rain attenuation, but clouds may be presentfora significant amount of time in the
propagation path. Rainonthe other hand is usually limited toshort-term duration events. Clouds
contain a combination Of suspended water droplets and if conditions allow icc crystals. The
suspended water droplets change the dielectric propertics of the propagation path andeffectvia
absorption/scattering the propagating radiowave. ‘1 0 beginwithan analysis of various types 01’
clouds generally observed and their inherent properties is appropriate.

Haroules and Brown measured cloud attenuationin 1 969 [ 1 7] at frequencics Of 8,15, 19,
and 35Gllzalso at frequencics of 15 and 35 Gitlz by Alshuler . Using these studies and others,
walter density Of many cloudtypes has beenestimated. Slobinf17] lists typical parameters of
clouds in mid-latitude conditions. This approximation is not truly suited for Alaska conditions,
however during the summer inFairbanks many of the cloud structures present are similar to those
described. The next element in any model are the equations necessary to predict cloud
attenuation. I:. Salonen and s. Uppala [ 1 8] formed a model to predict the specific attenuation Of
clouds for frequencics above 20 GEz. Their model is based onl.iche’s MI'M model{ 19]. ‘1 he
cvaluation of thismodel uses the parameters shownin Appendix D.

Next Fig. 12 shows Slobin’sresults andlists 1S difTferent cloud types at mid-latitudes,
their specific water dcnsity(g/m"), and typical heights above the ground (m) for top and bottom
Of cach type Of the 15 types Of cloudstructures. These 15 cloud types are grouped andadjusted
suchthat the parameters for each cloudiype (specific water (Icnsily(g/lll")all(lcfl‘ccli\'c depth)
when evaluated using tile equationsin Appendix 1) represent attenuation values observed by
correlating ACTS data and SKY Cam views, discussedin the next section. Noteinl‘ig.12,
effective path is only an estimate using estimatedtop and bottom as a guide

Slobin’s Cloud Types
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Fig 12- Conversion of Slobin’s 15 Cloud Types to New Model Cloud Types
Next the NCDC data is adapted to convertspecilic cloud coverage and ceiling datato

these newly defined cloud types and then the caleulations for cloud attenuation are performed.
Fig. 1 3shows a flowchart Of how the clouds arc classified and the parameters used inthe model.
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Fig 13 lowchart of NCDC Data  to New Model Cloud Types

Thenext step is 10 calculate the aticnuation clue to clouds, then add this attenuation to

gascous and rain attenuation values, calculated carlier. Iig. 14 shows the results of this
comparison. Note in this figure the de offset noted carlier is not observed.

ACTS 20 Gl Beason Aveaze vy Gascous 1 Rain ¢ Cloud Adleanation ACEN 27 GHy Boacon Avenaro v Gascous F Raie - Cload At ouating
Asciagee 20 Beacon 20 Giascous F Raim 1 Cloud Aficnuation Avviaee 27 Beacon 27 Gasvous T Rinn s Clond Attenuation
. . . . . . . . ‘ . . . . . , . . N ' .
-2 ¥ 2 8
-0 1 4 -0 -
B o 10 0
B - 1
Valu o (didy
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Fig 14 Gaseous | Rain | Cloud Attenuation vs. Averaged ACTS B eacon Values

Againan analysis of the differences between the modeled attenuation and actual ACTS
datais performedusing anabsolute difference betweenthe two values and calculating the
dift erences in pereent of total. This comparison is showninlig. 15. Note a difference of only 2
dB excludes all but 0.62% at 20 Gllzandallbut 1 .320/0 at 27 Gillz, animprovement over the
model with only gascous and rain attenuation values, 1he final comparison is “"l‘c” 5““""!““ time
frames (one day) of three-partatienuation is correlated with the ACTS data. This comparison is
shown next.
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F. Comparison of One-Day Cloud Attenuation for Various Cloud Types

T'o ensure an accurate evaluation ©f cloud attenuation, a SkyCam is used to capture sky
views and these views are used to coordinate cloud structures with observed ACTS atlenuation.
A sample of the SkyCamviews anda schematic of the SkyCamapparatus are shownin Fig. 10.
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The first type ©f cloud structure examined is that of cumulus clouds at/above cloud
ceiling of 1500 meters. Fig. 17 shows the correlation of the ACTS beacons withthe modeled
attenuation. Also shown is the differences of the models \\ ith and without cloud attenuation and
whether the models under or over predict the actualaveraged ACTS attenuation. The curves on

the right _portion of the plotare when rain occurredin the signal path; otherwise where the cloud
is noted the modeled attenuation tracks well with the actual data.
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Another type Of cloud is that of a cumulus at a lower elevation, however this time about
the cloud is ata ceiling of 500 meters and there is no rain presentin the path. The comparison for
this type of NCDC defined cloudtypeis shownin Fig. 18. Notcin this casc addition of cloud
attenuation alters the difference and provides a better fit to the ACTS data.
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Fig 18 Compare Cumulus Clouds At 5(K) mW/oRainvs. Averaged ACTS Beacon Values

Another type of cloud examined is thatof astratocumulus. Fig.19 shows the
comparisons for this type of cloud structure. Againthe addition of the cloud attenuation
improves the fitto the recorded ACTS data.
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The final type of cloud examined is that of an altostratus. This comparison is shownin
IFig. 20. In this case thecloudattenuation is notof significantefiect and does not significantly
improve the fit.
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(i. Statistical Analysis of the Model\

Up untilnow the values of attenuationhave been evaluated relative to the ACTS
averaged beacons, however many systems designers like to see statistics on tile data. ‘T'o compile
a statistical analysis the Av-eraged ACTSbeacon value.s aredividedinto ‘bins’ wherevalues
greater than a set attenuation value are collected andthena percentage is taken over the data set
total, this is commonly known as a CDF. Fig. 2 | shows the set of CDF data collected for the
three types of modeled attenuation and the of the averaged ACTS data. As is showninthe figure,
the 27 (if Iz modelsindecd do a very £00d job of predicting the attenuation of the ACTS-to-
Fairbanks although the 20 Gz comparison is not as good, stillrepresents a fair estimate Of the
link propagation statistics.
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Fig.21 -- CDF of ACTS Averaged Beacons vs. Modeled Attenuation
V. Conclusions

The Ortgics-N scintillation prediction modcel best matehes the ACTS data atlairbanks,
out of the seven models that we examined.

The Matricciani fade model was showin to underpredict both the number of fades and
fade time for clear air attenuation. Subjectively, themagnitudes of the prediction crrors are
smaller for this model than for other fade prediction models.

In this study it is shown how NCDC weather datamay be used with accepted CCIR
gaseous and rainattenuation models and do a good Job of estimating the actual ACTS
performance for the ACTS to Fairbanks link.  1owever with the addition of an empirically
defined cloud attenuation model, the data fit is cven better. Individualcloud types arc examined
and attenuation during specific cloud occurrencesis determined. An interesting conclusionis that
while the additional cloud attenuation by itself is not significant (whencomparedto gaseous and
rain attenuation), it provides enough adjustment to improve the overall CDI. The end result is
that given easily available NCDC weather data (with slight alterations), and CCIR gascousand
rain attenuation modcls along with an empirically defined cloud attenuation model, a reasonable
prediction of the performance of satellite to ground propagation characteristics at ACTS
frequencics caitbe made.
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APPENDIX A - Calculation of Power Law Parameters for Matricciani Fade Duration Model at Fairbanks
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APPENDIX B - Calculation of CCIR-Defined Gaseous Attenuation
CCIR Gascous (Oxygen & Water Vapor) Attenuation Model Fquations for I 57 GH7z
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APPENDIX C - (calculation of CCIR-Defined Rain Attenuation

CCIR Rain Attenuation Model Equations For ACTS Beacons (20.185 Gz Shown):

Evaluation of Site Tilt Angle T
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Calculations: 11 =580l
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APPENDIX D - Calculation of Cloud Attenuation

. ) . . . dB
Specific attenuation due to clouds is ol the form Y (=008 0N (1) o
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(The double Debye refaxation model gives the dielectric spectra for water as below)
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